Background: This study investigated the associations between night work, sleep and disability pension (DP) due to musculoskeletal disorders (MSD), while controlling for several confounding factors including both genetic factors and shared family background. Methods: The study sample consisted of 27 165 Swedish twin individuals born in 1935-58 with comprehensive survey data on sociodemographic, health and lifestyle factors. Night work was assessed as years of working hours at night at least every now and then, and categorized into 'not at all, 1-10 years and over 10 years'. Data on DP with MSD (ICD-diagnoses M00-M99) were obtained from the National Social Insurance Agency. Follow-up was from the time of the interview in 1998-2003 until 2013. Information on the length and quality of sleep was available for a sub-sample of twins (n = 1684). Cox proportional hazards models were used to calculate hazard ratios (HR) with 95% confidence intervals (CI). Results: During the follow-up, 1338 (5%) participants were granted DP due to MSD. Both 1-10 years (HR 1.33, 95% CI 1.17-1.53) and over 10 years of night work (HR 1.39 95% CI 1.18-1.64) increased the risk of future DP. The associations were not affected by health, lifestyle or sleep factors. In the discordant twin pair analysis, the associations between night work and DP due to MSD attenuated. Conclusions: Night work was associated with increased risk of DP due to MSD independently from health and lifestyle factors. Familial confounding could not be ruled out. 
Introduction

I
n the European Union, every fifth employee reported working at night at least once a month in 2015. 1 As night work interrupts the normal circadian rhythm, it may have long-term effects on health and consequently on temporary or permanent work incapacity, i.e. disability pension (DP). Worldwide, musculoskeletal disorders (MSD) are the second largest diagnosis group, after mental health diagnosis, which lead to DP. 2 Studies on night work and the risk of DP due to MSD are scarce. In a study of nurses, night work was associated with increased risk of DP. 3 Studies on musculoskeletal pain and night work have indicated either minor or no associations. 4, 5 For DP due to MSD, shift work, which usually includes also night work, have been found to increase the risk, but this association was influenced by sociodemographic and lifestyle factors. 6, 7 In general, it is expected that various sociodemographic and lifestyle factors are correlated and can modify the association between night work and future risk of DP due to MSD. [8] [9] [10] [11] [12] [13] Further studies based on larger sample sizes and register-based data are needed to determine whether night work is associated with DP due to MSD.
The possible association between night work and DP due to MSD is likely related to circadian dysrhythmia and disturbed sleep. 14, 15 Night work can contribute to work incapacity and consequently to DP due to direct sleep disturbing effects, and also because of sleepiness caused by diurnal rhythm. 14 Additionally, sleep problems have been seen to increase the risk of DP due to MSD. 16, 17 Due to these mutual associations between sleep, night work and DP, sleep needs to be considered when studying long-term effects of night work.
Genetic factors explain 35-37% of the variance in DP due to MSD. 18, 19 In addition, genetic influences on sleep length and quality, 20, 21 and shared environmental, i.e. early childhood environment, influences on sleep length 22 have been reported. Hence, the association between night work and DP due to MSD may be confounded by familial factors (i.e. genetics and shared family background), and more knowledge is warranted. A twin study design is a powerful tool when accounting for unmeasured familial influences on an association.
In this study, we investigated the association between night work, sleep length and quality, and DP due to MSD, while adjusting for several confounding factors, including familial factors, using a large twin sample with a long register-based follow-up.
Methods
The study population consisted of Swedish twins (29 799 complete twin pairs) born between 1925 and 1958, included in the 'Swedish Twin project Of Disability pension and Sickness absence' (STODS) and invited to participate in the Screening Across the Life-span Twin (SALT) computer-assisted telephone-interview study, conducted 1998-2003 by the Swedish Twin Registry. Information from SALT (n = 39 262, response rate 66%) were included in STODS along with national register data on pensions and mortality. 23 Those on old age pension or DP at the time of the interview was excluded. The final study sample consisted of 27 165 twin individuals (51% women), including 2640 monozygotic (MZ), 3506 same-sex dizygotic (DZ) and 3514 opposite-sex DZ complete twin pairs, and 84 pairs of unknown zygosity (figure 1).
Baseline data
Night work was assessed with the question 'For how many years have you had working hours that meant that you worked nights at least now and then'. 24 Those reporting night work were categorized as those with 1-10 years of night work experience and those with over 10 years of night work experience, and were compared with those reporting no night work experience.
Data on a number of covariates were collected at the SALTinterview. Educational level was categorized as those with compulsory education and those with additional years of education; marital status was dichotomized into those married/ cohabiting and those unmarried (non-married, divorced, widowed); having children was dichotomized into those with no children and those with at least one child. Body mass index (BMI, kg/m 2 ) was calculated from self-reported measures and analysed as continuous variable. For descriptive purposes, BMI was assessed as underweight ( 18.5) , normal weight (>18.5 to 24.9), overweight (>24.9 to <30) and obese (>29.9). 25 Tobacco consumption, including the use of cigarettes and snuff, was categorized as those who had never tried or tried once, current occasional or regular users, and former users. Chronic widespread pain (CWP) was assessed as suffering general pain over the last three months; if the answer was yes, additional questions were asked regarding generalized pain during over the last three months, pain in both the upper and lower body, pain in both left and right sides, and any back pain over the last 12 months. Those who answered 'yes' to all these four questions were defined as having CWP. 26 Self-rated health was assessed with question 'How would you rate your general health status?' and categorized as good (for those responding excellent or good), moderate, and poor (fairly poor or poor). 27 The number and severity of diseases were assessed as those with no diseases, and those with any disease were further classified, based on their most severe illness, into categories not at all lifethreatening, somewhat life-threatening, and life threatening, according to the expected impact of the disease. 27 A subpopulation of twins (n = 1684) who participated in SALT was interviewed regarding their sleep, using a modified version of the Karolinska Sleep Questionnaire. 28, 29 Self-reported sleep length was categorized into sleeping <6, 6-8, 8-10 or >10 h a day. Nonrestorative sleep was categorized into those with non-restorative sleep never, seldom or sometimes, and usually or always, as was disturbed sleep.
Follow-up data
Register data on DP were obtained from the National Social Insurance Agency and linked to all twins. DP information from 1994 to 2013 included date and diagnosis by the International Classification of Diseases-10th revision (ICD-10). DP diagnoses were limited to ICD-10 rubrics M00-M99. To be eligible for DP, a medically confirmed disorder or injury that reduces work capacity permanently by at least 25%, is required. 23, 30 During the follow-up, temporary DP became unavailable in year 2008. 31 All citizens in Sweden are covered by the national DP insurance scheme.
Follow-up time lasted from the date of the SALT-interview, 1998-2003, until the date any DP due to MSD was granted, or the date of DP due to any other diagnosis, old-age retirement, emigration, death or the end of follow-up on 31 December 2013; whichever came first. Data on mortality were obtained from the National Board of Health and Welfare and data on old-age retirement and emigration were obtained from Statistics Sweden.
Statistical analyses
Cox proportional hazards models computing hazard ratios (HR) with 95% confidence intervals (CI), with follow-up time as days was used. All the analyses were adjusted for age and stratified by sex to allow men and women their own baseline hazards. The analyses were performed using Stata statistical software, version 12.1.
First, analyses of the whole cohort were conducted (i.e. twins analysed as singletons). The standard errors were adjusted for pair identity to take into account the within-pair correlations. No violation of the proportional hazards assumption was found by graphical observation of 'log-log' curves for categorical variables.
Second, the sociodemographic and lifestyle factors were included as covariates due to their associations with DP due to MSD. 32, 33 Beyond these covariates (table 1), several other factors that were expected to influence the association between night work and DP Figure 1 Selection of study population. SALT, Screening Across the Life Span Twin Study due to MSD, were evaluated. However, coffee consumption, chronic fatigue, major depression, use of analgesics, leisure time physical activity, alcohol consumption and the sum of negative health behaviours 34 had no independent effect on DP due to MSD (data not shown). We also tested if ongoing or incident sick leave period, in the 2 years before SALT-interview, modified the association, as sick leave is a prerequisite for DP. Previous sick leave strongly predicted DP due to MSD, but did not alter the risk estimates of other covariates or night work when in the same model.
Third, sleep variables were analysed in the subpopulation of twins, first for their association with DP due to MSD, and then, to analyse whether they confound the association between night work and DP due to MSD. To investigate the independent effect of night work and sleep on such DP, an interaction term to the sex and age-adjusted models of the cohort was added. The statistical significance was tested by the log-likelihood ratio test.
Fourth, the co-twin-control (matched case-control) design for twin pairs discordant for DP due to MSD was applied to analyse whether familial factors including shared environmental factors during childhood years and genetic factors affect the association between night work and DP due to MSD. Conditional Cox proportional hazards models, where each twin pair was given their own baseline hazard, were used. If HRs computed in a co-twin-control analyses differ from the analysis studying differences between all twin individuals, it suggests influence of familial factors. 35 Furthermore, a stronger association within DZ compared with MZ twins suggests the genetic influence since MZ twins share all their genes and DZ twins 50% of their genes identical-by-descent such as ordinary siblings. The number of same-sex twin pairs discordant for DP due to MSD was 484, including 201 MZ and 283 DZ pairs.
Finally, in addition to dichotomized variable night work ( 10 years, >10 years), a categorization of 1-5, 6-10, 11-20 and 21-45 years of night work experience was used for sensitivity analyses. 24 
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Results
During the follow-up, 1338 participants were granted DP due to MSD. Those were, on average, 54.5 (SD 4.6) years old with mean follow-up time of 3.5 (SD 2.3) years, being slightly older and with shorter follow-up time than those with no DP due to MSD (table 1) .
A significant association between night work and DP due to MSD was found among those with 1-10 years of night work (HR 1.33, 95% CI 1.17-1.53) and those with over 10 years of night work (HR 1.39, 95% CI 1.18-1.64) (table 2). The risk estimates remained at a similar magnitude when several health and lifestyle factors were accounted for.
In a subpopulation of 1684 twins with sleep data, 118 twins were granted DP due to MSD during the follow-up. They were on average 57.9 (SD 2.0) years old at baseline, and 75% had compulsory education. Those without such DP were 59.0 (SD 2.6) years old and 50% had compulsory education. Increased risk of DP due to MSD was seen among those who slept >10 h, or had non-restorative or disturbed sleep usually or always (table 3) . For this subpopulation, the risk estimates for DP due to MSD were HR 0.88, 95% CI 0.50-1.55 for those with 1-10 years and HR 1.40, 95% CI 0.85-2.30 for those with >10 years of night work. When sleep variables were adjusted for, the risk estimates remained similar.
An interaction between sleep and night work was seen for disturbed sleep (P = 0.04), but not for sleep length or non-restorative sleep, in regard to DP due to MSD; those with disturbed sleep sometimes and 1-10 years of night work had risk estimates of HR 7.26, 95% CI 1.48-35.64.
Next, we analysed the influence of familial factors on the association between night work and DP due to MSD. In the discordant twin pair analyses, HRs attenuated and became non-significant for those with 1-10 years (HR 1.04, 95% CI 0.80-1.35) and those with >10 years of night work (HR 0.93, 95% CI 0.67-1.29) (table 2). The risk estimates among MZ twins were HR 1.08 (95% CI 0.71-1.65) for 1-10 year, and HR 1.19 (95% CI 0.68-2.11) for >10 years of night work experience. For DZ twins, the risk estimates were HR 1.02 (95% CI 0.73-1.42) for 1-10 years, and HR 0.82 (95% CI 0.54-1.23) for >10 years of night work experience.
In the sensitivity analysis including the five-group categorization of night work, those with 1-5 years of exposure and those with more than 20 years of night work had similar risk estimates (table 2) .
Discussion
Both 1-10 years and over 10 years of night work predicted future DP due to MSD, independent from health and lifestyle factors. These results are supported by previous findings on the risk of night work for DP in general 3 but not with studies on musculoskeletal pain and night work, that found either no association 4 or an association with only long (over 16 h) working hours. 5 In a sub-sample, sleep factors Frequencies with percentages and means with standard deviation (SD) for those granted disability pension (DP) due to musculoskeletal diagnosis (MSD), and those without DP due to MSD during follow-up.
did not influence the association between night work and DP due to MSD, suggesting that night work itself, both with and without cooccurring sleep disturbances, plays a role in DP due to MSD. Instead, after adjusting for familial confounding (genetics and shared family background), the association between night work and DP due to MSD attenuated, suggesting that familial factors may be of importance. The pathways from night work to possible chronic diseases, which may further lead to DP, are influenced by, and associated with, psychosocial, behavioural and physiological factors. 36 Moreover, earlier results have indicated, that presence of pain, smoking, overweight and lower educational level predict DP due to MSD. 32 ,33 Therefore, we tested several sociodemographic and lifestyle-related covariates to capture their potential effect on the association between night work and such DP. Our findings are in line with a Danish study where night work was seen as a risk factor for DP in general, independent from sociodemographic or healthrelated factors or physical working conditions. 3 Sleep length, non-restorative sleep or disturbed sleep had a minor influence on the association between night work and DP due to MSD. Previous studies have shown that poor sleep quality is an early risk factor for DP due to MSD. 17 Furthermore, sleep problems and experienced tiredness are associated with musculoskeletal pain, 4 and may also influence the association between night work and low back pain. 5 Thus, we expected that sleep influence the association between night work and DP due to MSD. Instead, no effect was found, and, when testing for the interaction between sleep and night work, association was seen only among those with occasional disturbed sleep and 1-10 years of Table 3 Frequencies with percentages for those with disability pension (DP) due to musculoskeletal diagnosis (MSD) and those without DP due to MSD, and Cox proportional hazard ratios (HR) with 95% confidence intervals (CI) for DP due to MSD during the follow-up for the sub-population of twins with sleep information at baseline DP due to MSD (n=118) no DP due to MSD (n=1566) DP due to MSD (n=118) Full model: adjusted for age, sex, BMI, children living at home, marital status, education, chronic widespread pain, tobacco use, self-rated health and severity of illness. Discordant twin pairs: one twin in a pair has been granted DP due to MSD, the other has no DP.
night work experience. These findings indicate that night work may predict DP due to MSD both with and without co-occurring sleep disturbances. The results merit caution due to a small sample size. However, these results may still have implications for employers and occupational health care personnel. In regard with possibility to account familial confounding, the association between night work and DP due to MSD attenuated after controlling for familial factors, but remained in the same direction and magnitude as in the whole cohort. Based on this, we cannot rule out familial confounding. The discordant twin pair analyses separately for MZ and DZ twin pairs indicated a lower risk estimates for DZ than MZ twins that further imply the effect of familial confounding. However, the small number of discordant pairs means that conclusions should be drawn with caution. Further studies with even larger sample sizes, available by, for example, pooling existing twin cohorts, should confirm this.
A healthy worker effect may also be of importance in the association between night work and DP due to MSD, as it is possible that those unable to adapt to night work would change to day work instead. 11, 37 This cannot be ruled out in our study, and, if this was the case, we could assume that our results reflect the lowest effect size. Apart from adaptation to night work, another aspect of the healthy worker effect is the health status at baseline. In this study, we controlled for chronic pain and severity of illness but found no effect on the association between night work and DP due to MSD.
Our hypothesis that sleep, health and lifestyle factors explain at least part of the association between night work and DP due to MSD was not supported by our results. Further studies are merited to clarify the possible pathways explaining our findings. Repeated measures of sleep, pain and fatigue might help us understand the higher risk of DP due to MSD among those exposed to night work. In addition, our sensitivity analyses at 5-year intervals point more towards a similar risk of DP due to MSD across years of night work experience, rather than an increased risk due to the accumulation of exposure.
One strength of this study was the use of registry data of over 27 000 individuals with no loss to follow-up, including DP dates and diagnoses supplemented with comprehensive interview data. In addition, study population of twins enabled us to investigate the role of familial influence. The twin cohort is comparable to the general Swedish population of similar age. 38 Limitations of the study include that the study consisted of adults aged 41-64, and only twins born in Sweden, 39 and the information on night work was measured only once. Thus, our study does not cover the whole working age population, or imply when night work had occurred. Additionally, as at least a year of night work experience by the time of the interview was queried, we assume the risk of new onset of night work to be minor, due to study population being on average over 50 years at baseline. Furthermore, there were changes in DP requirements during follow-up in the direction of more stringent requirement for being eligible for DP. 31 On the whole, our results regarding the association between night work and DP due to MSD more likely indicate an under than overestimation of the long-term health effects in terms of DP due to night work. We believe that this large epidemiological study assessing health, lifestyle and familial factors adds to the existing knowledge in this research area. The results of this study are generalizable to the Nordic countries with similar social welfare systems.
Conclusions
The history of night work, irrespective of the length of exposure, was a significant predictor of future DP due to MSD, independent from several health and lifestyle confounders. Familial influences on the associations, however, could not be ruled out. 
